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(57) ABSTRACT

A module 1incorporated within a system-on-a-chip operating
in a steady-state power supply phase 1s powered by supply-
ing to the module a regulated power supply voltage obtained
from a feedback control loop. The receives a main power
supply voltage and a negative feedback voltage. The nega-
tive feedback voltage 1s generated inside the system-on-a-
chip starting from an etlective supply voltage of the module
and from a setpoint signal corresponding to a desired
regulated power supply voltage.

30 Claims, 6 Drawing Sheets
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METHOD FOR POWERING A MODULE
INCORPORATED WITHIN A
SYSTEM-ON-A-CHIP AND
CORRESPONDING ELECTRONIC DEVICE

PRIORITY CLAIM

This application claims priority from French Application
for Patent No. 1553994 filed May 3, 2015, the disclosure of
which 1s incorporated by reference.

TECHNICAL FIELD

Various embodiments relate to electrical circuits and,
notably, the management of the power supply for a system-
on-a-chip (known as an ‘SoC’) with the purpose of simpli-
tying the control of the adaptive voltage scaling (or AVS)
and of improving the response time of the dynamic voltage
and frequency scaling (or DVFES).

BACKGROUND

Currently, numerous electronic devices, such as cellular
mobile telephones, tablets, decoders, etc., and more gener-
ally onboard devices, have power saving modes which allow
the power consumption to be reduced and the heat dissipa-
tion to be limited.

Conventionally, the power distribution networks (or
PDN) for electronic devices comprise a set of switching
regulators and/or a power management unit (or PMU). This
allows the power supply to the various areas of the system-
on-a-chip to be distributed efliciently.

Furthermore, in such a manner as to increase the precision
of voltage regulation for sensitive electronic devices such as
systems-on-a-chip, the idea 1s to provide closed-loop control
for the voltage regulator with a negative feedback voltage
coming from inside the device, for example that taken from
the power grid. This allows the voltage losses, due notably
to the printed circuit board (or PCB) onto which the system-
on-a-chip 1s mounted and to the packaging, to be compen-
sated.

Generally speaking, a system-on-a-chip, notably when 1t
incorporates a central processing unit (or CPU), 1s the
assembly with the highest power consumption within a
product and modes dedicated to power saving are provided.

The methods used most commonly for implementing
these power saving modes are adaptive voltage scaling (or
AVS) and dynamic voltage and frequency scaling (or DVFES)
which are both aimed at adapting the various power supply
voltages of the various parts of the system-on-a-chip to their
lowest possible values taking into account the state of the
system-on-a-chip.

More precisely, a desired value of regulated power supply
voltage 1s determined by the system-on-a-chip as a function
ol a set of criteria such as the frequency of the clock signal
supplying the central processing unit, the temperature, the
variations of certain parameters due to the process of fab-
rication on silicon, etc.

This desired regulated power supply voltage 1s subse-
quently used 1n the feedback control loop.

For this purpose, dedicated circuits for carrying out the
voltage adaptation are used.

Amongst these circuits may notably be mentioned those,
for example, incorporated into portable devices such as
mobile telephones, tablets, whose architecture contains a
power management unit (PMU) containing a control inter-
face connected to a homologous control interface of the
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system-on-a-chip via a specific bus, for example an SPI or
I°C bus, together with regulators. Programmable regulators

may also be used.

However, such an architecture proves to be costly and it
requires a dedicated interface for the control bus which can
occupy several mput/output terminals of the system-on-a-
chip.

A second type of possible architecture includes the use of
a module delivering pulses with a modulated width (pulse
width modulation: PWM) associated with a low-pass filter in
such a manner as to eliminate the AC modulation and to only
keep the DC voltage.

However, such an architecture requires a suitable design
and the implementation of a low-pass filter external to the
system-on-a-chip and introduces a time delay between the
moment when the desired regulated power supply voltage 1s
calculated and the moment when the correction 1s applied 1n
the regulator.

However, such a delay 1s not acceptable when the voltage
must be dynamically adapted (DVES).

SUMMARY

According to one embodiment and 1ts implementation, a
power supply 1s provided for a module incorporated within
a system-on-a-chip, for example a central processing unit
(CPU), without the use of pulse-width-modulated signals,
nor a specific bus of the SPI or I°C type for example, and
using conventional regulators, 1n other words non-program-
mable, with the same performance characteristics as those
obtained with programmable regulators.

According to one aspect, a method 1s provided for pow-
ering a module incorporated within a system-on-a-chip,
comprising a steady-state power supply phase (which fol-
lows a power-up phase) comprising the supply to the module
ol a regulated power supply voltage obtained from a feed-
back control loop recerving a main power supply voltage
and a negative feedback voltage, this negative feedback
voltage being generated inside the system-on-a-chip starting
from an effective supply voltage of the module and from a
setpoint signal corresponding to a desired regulated power
supply voltage.

Thus, according to this aspect, the negative feedback
voltage 1s generated inside the system-on-a-chip which
simplifies the fabrication and notably avoids the use of a
low-pass filter or of a specific bus connected to a power
management unit (PMU).

According to one embodiment, the generation of the
negative feedback voltage comprises a conversion of a
setpoint digital word, taken from the setpoint signal, into a
voltage oflset analog signal.

This voltage offset analog signal can then either be
summed with the effective supply voltage or else this voltage
oflset analog signal can be subtracted from the eflective
supply voltage.

The method according to this aspect furthermore com-
prises a power-up phase of the system-on-a-chip during
which making the regulation operate 1n open loop mode 1s
avoided.

Thus, according to one possible embodiment, the power-
up phase comprises the placing mto a high impedance of the
setpoint output of the system-on-a-chip designed to deliver
the negative feedback voltage 1n steady-state mode, and the
establishment of a temporary feedback control loop using a
resistor connected between the power supply mput of the
system-on-a-chip receiving the regulated power supply volt-
age and the setpoint output.
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The method then advantageously comprises the placing of
the output mnto a low impedance during the transition
between the power-up phase and the steady-state power
supply phase, in such a manner as to re-establish the
teedback control loop going via the system-on-a-chip.

According to another possible embodiment, the power-up
phase can comprise the direct delivery of the eflective
supply voltage to the setpoint output.

According to another aspect, an electronic device 1s
provided, comprising: a system-on-a-chip comprising a
power supply 1mput for receiving a regulated power supply
voltage, a module, for example a central processing unit
(CPU), intended to be powered by the regulated power
supply voltage, control means configured for generating a
setpoint signal corresponding to a desired regulated power
supply voltage for the module, a voltage adaptation circuit
configured for generating a negative feedback voltage start-
ing from an eflective supply voltage of the module and from
the setpoint signal, and a setpoint output for delivering the
negative feedback voltage, and voltage regulation means
having a regulation output coupled to the power supply
input, a negative feedback mnput coupled to the setpoint
output and configured for delivering the regulated power
supply voltage to the regulation output starting from a main
power supply voltage and from the negative feedback volt-
age.

According to one embodiment, the regulation means
comprise a switch-mode regulator comprising a switching
means, connected between a main mput for receiving the
main power supply voltage and the regulation output, con-
trollable by a control signal coming from an output signal of
a comparator having a first comparator iput designed to be
connected to a reference voltage and a second comparator
input coupled to the negative feedback mput via a divider
bridge.

According to one variant embodiment, the voltage adap-
tation circuit comprises a digital-analog converter designed
to deliver, in the presence of a setpoint digital word taken
from the setpoint signal, a voltage offset analog signal and
an adder configured for adding the voltage offset analog
signal and the effective supply voltage and thus obtaining the
negative feedback voltage.

According to another possible variant embodiment, the
voltage adaptation circuit comprises a digital-analog con-
verter designed to deliver, in the presence of a setpoint
digital word taken from the setpoint signal, a voltage offset
analog signal and a subtractor configured for subtracting the
voltage oflset analog signal from the eflective supply volt-
age and thus obtaiming the negative feedback voltage.

The device furthermore advantageously comprises pro-
tection means configured for avoiding, when the device 1s
powered up, an operation of the regulation means 1n open
loop mode.

According to one possible embodiment, the protection
means comprise a resistor connected between the power
supply mput and the setpoint output and a controllable
switch, connected between the output of the subtractor and
the setpoint output, designed to be 1n an open state as long
as the voltage adaptation circuit 1s not powered and in a
closed state when the adaptation circuit 1s powered.

According to another possible embodiment, the protection
means comprise a controllable switch configured for shunt-
ing the adder in such a manner as to deliver the eflective
supply voltage to the setpoint output as long as the voltage
adaptation circuit 1s not powered.

The device may also furthermore comprise auto-power
supply means for the voltage adaptation circuit.
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BRIEF DESCRIPTION OF THE DRAWINGS

Others advantages and features of the mnvention waill
become apparent from the detailed description of non-
limiting embodiments and their implementation, and from
the appended drawings 1n which:

FIGS. 1 to 11 illustrate schematically various embodi-
ments and their implementation.

DETAILED DESCRIPTION

In FIG. 1, the reference DIS denotes an electronic device
comprising a system-on-a-chip (SOC) 1 including, in the
present case, a module 10 formed by a central processing
unit (CPU).

The system-on-a-chip 1 furthermore comprises other
modules which have been represented schematically under
the reference 12.

The system-on-a-chip 1 comprises a power supply 1nput
E1l {for receiving a regulated power supply voltage
VDD _CPU itended to power the module 10.

A capacitor 4, intended for the high frequency filtering of
the activity of the central processing unit, 1s generally
connected between the mput E1 and ground.

The module 10 here comprises control means 101, for
example a software module executed by the CPU, config-
ured for generating a setpoint signal SC corresponding to a
desired regulated power supply voltage.

The system-on-a-chip 1 further comprises a voltage adap-
tation circuit 11 configured for generating a negative feed-
back voltage VDD_CPU_FB starting from an eflective
supply voltage of the module VDD_CPU_SENSE and from
a voltage oflset analog signal VDAC obtained, as will be
seen 1n more detail hereinalfter, by a digital-analog conver-
s1on of a setpoint digital word MINC taken from the setpoint
signal SC.

For this purpose, the voltage adaptation circuit here
comprises a subtractor 113 configured for subtracting the
signal VDAC from the eflective supply voltage of the
module VDD_CPU_SENSE.

The effective supply voltage 1s measured 1nside the mod-
ule 10, for example on a power grid 100.

It should, at this point, be noted here that the effective
supply voltage VDD_CPU_SENSE will eventually be the
desired regulated power supply voltage after processing in
regulation means 2, the structure of which will be described
in more detail heremafter.

The signal VDAC 1s a DC voltage offset obtained, as
indicated hereinbetfore, by a digital-analog conversion of the
setpoint word MNC delivered by a control block 111, 1n a
digital-analog converter (CNA) 110.

The control block 1s formed, for example, by a logic
circuit.

The voltage range of the digital-analog converter 110 1s
equal to (VDD_CPU_max-VDD_CPU_min) where
VDD_CPU_min 1s the minimum voltage that can be applied
to the module 10 and VDD CPU max i1s the maximum
voltage that can be applied to the module 10.

The mcrement 1n voltage (or ‘voltage step’) depends on
the granularity required for the voltage adaptation.

In this embodiment, the converter 110 1s powered by the
positive voltage VDDA.

As a consequence, the output of the converter 110 pro-
duces a positive voltage which obwviates the need for the
addition of a negative voltage able to be generated by a
switch-mode regulator of the negative charge pump type.
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The regulation means 2 here comprise a non-program-
mable switch-mode regulator circuit, 1n this case a voltage
step-down switch-mode regulator.

The switch-mode regulator 2 comprises, for this purpose,
a switch controllable by a control logic 21 receiving the
output signal from an error amplifier or comparator 22.

The non-inverting mput of the error amplifier 22 1s
connected to a source of reference voltage Vref and the
iverting mput 1s connected to a negative feedback input
E21 of the regulation means 2 via a divider bridge R1, R2.
The negative feedback mput E21 1s connected to the setpoint

output S1 and will therefore receive the negative feedback
voltage VDD_CPU_FB.

A first terminal of the switch 20 1s connected to a power
supply main mput E20 designed to receive a main power
supply voltage Vin. The other terminal of the switch 20 1s
connected to the regulation output S20 of the regulation
means 2 via a diode 235, an inductor 23 and a capacitor 24.

It will be noted here that, even 1f the divider bridge R1,
R2, the inductor 23, the capacitor 24 and the diode 25 do not
form part of the switch-mode regulator per se, they are
nevertheless considered here as forming part of the regula-
tion means 2 1n the wider sense of the term.

The regulation output S20 delivers the regulated power
supply voltage VDD_CPU.

Furthermore, a resistor R3, whose function will be con-
sidered in more detail hereinafter, 1s connected between the
input E1 and the output S1 of the system-on-a-chip 1.

In the example described here, another regulator 3 deliv-
ers, starting from the main power supply voltage Vin, a
voltage VDDA 1ntended to supply the analog part of the
system-on-a-chip 1, and notably certain elements of the
voltage adaptation circuit 11.

Lastly, a power supply voltage VDD designed to supply
the control block 111 generating the setpoint word MINC
originates from an internal power supply of the system-on-
a-chip or from an external power supply, for example
another regulator of the type of the regulator 3.

The control block 111 1s also configured for delivering a
control signal Hiz_ C'TRL_n so as to control a switch con-
nected to the output of the subtractor 113.

If reference 1s now more particularly made to FIG. 2, it
can be seen that the subtractor 113 here comprises a difler-
ential amplifier 1120 whose inverting mnput receives the
signal VDAC via a resistor R and whose non-inverting input
receives the signal VDD_CPU_SENSE via another resis-
tance R.

The amplifier 1120 1s powered by the voltage VDDA and
the output of the amplifier 1120 1s connected to the setpoint
output S1 wvia the switch 1131 controlled by the signal
Hiz CTRL n.

As a result, when the switch 1131 1s open, the setpoint
output S1 1s at a high impedance, whereas when the switch
1s closed, the output S1 1s at a low impedance.

Reference 1s now more particularly made to FIG. 3 in
order to illustrate the voltage regulation i power supply
steady-state mode.

As indicated hereinbefore, the regulation means 2 deliver
the regulated power supply voltage VDD _CPU to the input
E1 of the system-on-a-chip 1.

The voltage VDD _CPU_FB 1s defined by the equation (1)

hereinbelow:

VDD_CPU_FB=VDD_CPU_SENSE-VDAC (1)

in which the voltage VCC_CPU_SENSE represents both the
ellective supply voltage of the module 100 but also the new
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6

desired regulated power supply voltage (after passing
through the feedback control loop).
Furthermore, the voltage VDD _CPU_FB 1s defined by the

equation (2) hereinbelow:

VDD_CPU_FB=(R1+R2)Vref/R1 (2)

From the equations (1) and (2) heremnabove, 1t can be seen

that the voltages VDD _CPU_SENSE and VDAC are mutu-
ally connected by the equation (3) hereinbelow:

VDD _CPU_SENSE=VDAC+(R1+R2)Vref/R1 (3)

Furthermore, the resistors R1 and R2 of the divider bridge
are calculated mm such a manner that the equation (4)
hereinbelow 1s satisfied:

VDD_CPU_SENSE=VDD_CPU_mm+VDAC (4)

It should be noted here that, as illustrated in FIG. 3, the
resistor R3 may be 1gnored because the output S1 1s at a low
impedance (switch 1131 closed).

Accordingly, the voltage adaptation, illustrated by the
loop BCL 1n FIG. 3, operates 1n the following manner.

When there 1s a request for a change of power supply
voltage (for example a new DVFES point of operation), the
control means 101 determine a new desired power supply
voltage VDD_CPU_SENSE.

The control means 101 therefore send the setpoint signal
SC corresponding to this new desired regulated power
supply voltage to the control block 111 which generates the
setpoint word NMC 1n such a manner that the oflset signal
VDAC satisfies the equation (3) hereinbefore.

The digital-analog converter 110 performs this conversion

over a certain period of time.
The signal VDAC 1s delivered to the subtractor 113 which

delivers the negative feedback voltage VDD_CPU_FB at 1ts
output, which satisfies the equation (1) hereinbefore.

The regulation means 2 then regulate the voltage at the
output S20 such that the regulated voltage VDD_CPU
reaches the new desired regulated power supply voltage
VDD_CPU_SENSE.

The new desired regulated voltage thus obtained
VDD_CPU_SENSE then becomes the effective supply volt-
age present on the power grid 100 of the module 10.

The transition between the sending of the setpoint signal
SC and the obtaining of the new desired regulated power
supply voltage 1s very fast and mainly depends on:

the conversion time, which naturally depends on the

design of the digital-analog converter, but which 1is
typically of the order of a few microseconds, and

the response time of the regulation means, which depends

on the bandwidth 1tself linked to the performance of the
regulator, but which 1s also typically of the order of a
few microseconds.

During the power-up phase, under the assumption that the
voltage adaptation circuit 11 1s first to be powered up, for
example by the regulator 3, then there 1s no need to take any
particular precautions.

However, in order to avoid any design constraints, the
device DIS 1s designed in such a manner that the various
power-up phases of the various components of this device
may be carried out 1 any given order.

In this case, 1t 1s advantageous to provide protection
means configured for avoiding an operation of the regulation
means 1 open loop mode during the power-up phase.

Indeed, if 1t 1s assumed that the regulation means 2 are the
first to start up and that the voltage VDD_CPU 1s established
betore other regulators start up, such as the regulator 3
which provides the power supply voltage VDDA for the
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voltage adaptation circuit 11, then the voltage VDD_CPU
would not be regulated and could increase up to the voltage
Vin causing the immediate destruction of the module 10.
Indeed, the voltage Vin can be around 5 volts, whereas the
regulated power supply voltage VDD_CPU admissible for
the module 10 may be limited to 1 volt for example.

Also, 1n this embodiment, as illustrated 1n FIG. 4, during
the power-up phase, the resistor R3 allows a temporary
teedback control loop BCLS to be formed.

The value of the resistor R3 1s chosen 1n such a manner
that the regulated voltage VDD_CPU 1s higher than the

voltage VDD_CPU_min so as to guarantee a correct initial-
ization of the system-on-a-chip, since the voltage losses
across the printed circuit board (PCB), the packaging of the
system-on-a-chip and the power grid are not compensated
until the voltage adaptation circuit 11 1s 1n operation.

Also, during this power-up phase, 1n order for the resistor
R3 to allow the feedback of the regulation means, the
setpoint output S1 1s placed at a high impedance (switch
1131 open).

Thus, during this power-up phase and until the operation
of the voltage adaptation circuit 11, reset by the module 10,
the regulated power supply voltage provided at the output

520 1s equal to VDD_CPU_pu and 1s defined by the equation
5 herembelow:

VDD_CPU_pu=(R1+R2+R3)Vref/R1 (5)

The power-up sequence 1s then as follows.

It 1s assumed that, mitially, no power supply voltage 1s
present.

The power supply voltage Vin 1s available for example
from a charger connected to a device, for example a cellular
mobile telephone, incorporating the device DIS.

All the regulators of the device start up 1n no particular
order and their respective regulated output voltage 1s estab-
lished.

When the regulation means 2 start up and the power
supply voltage delivered at the output S20 1s established, this
voltage 1s regulated by the temporary loop BCLS so as to
take the value VDD _CPU_pu defined by the equation (5)
hereinabove.

Then, when all the regulators of the device have delivered
their regulated power supply voltage and the reset pin of the
system-on-a-chip 1s disabled, the power supply voltages
VDD and VDDA of the voltage adaptation circuit 11 are
available.

During the boot-up sequence of the system-on-a-chip, the
control means 101 reset the voltage adaptation circuit 11 by
sending the setpoint signal SC to the control block 111 so as
to reset and send a command to the digital-analog converter
110 to eventually produce the desired regulated power
supply voltage.

Furthermore, the control block 111 closes the switch 1131
which places the output S1 at a low impedance.

From this point on, the value of the resistor R3 becomes
negligible relative to the value of the output impedance of
the differential amplifier 1120.

Then, the regulation sequence can then be carried out as
described hereinbefore with reterence to FIG. 3.

Reference 1s now more particularly made to FIGS. 5 to 8
in order to illustrate another embodiment of the device DIS.

The embodiment 1n FIG. 5 differs from that in FIG. 1 by
the fact that the subtractor 113 1s replaced here by an adder
112 receiving, on the one hand, the effective supply voltage
VDD_CPU_SENSE and, on the other hand, the analog
voltage offset signal VDAC. Furthermore, the resistor R3,
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which was an element of the protection means, external to
the system-on-a-chip, 1s eliminated.

As 1llustrated more precisely in FI1G. 6, the adder 112 here
comprises an operational amplifier 1123 configured as an
adder and receiving on its non-inverting mput the voltages
VDAC and VDD CPU_ SENSE wvia two resistors R.

Furthermore, a switch 1124 1s connected between the
input of the adder recerving the voltage VDD_CPU_SENSE
and the output of the operational amplifier 1023. This switch
1124 1s controlled by a signal byp_crtl_n delivered by the
control block 111.

Thus, when the switch 1124 1s 1n the closed position, it
acts as a “by-pass” and the voltage VDD_CPU_SENSE 1s
delivered directly to the output of the adder 112 (setpoint
output S1).

In view of the fact that the adder 112 replaces the
subtractor 113, the equations (1), (3) and (4) hereinbefore
are respectively replaced by the equations (6), (7) and (8)
hereinatter:

VDD_CPU_FB=VDD_CPU_SENSE+VDAC (6)

VDD_CPU_SENSE=(VRef(R1+R2)/R1)-VDAC (7)

VDD_CPU_SENSE=VDD_CPU_max-VDAC (8)

Outside of the power-up phase, 1n other words during the
steady-state power supply phase, the regulation means 2
form the feedback loop BCL 1n FIG. 7 and the regulation
sequence 1s as follows.

When there 1s a request for a change of voltage from the
power supply (for example a new point of operation DVFES),
the control means 101 determine a new desired regulated
power supply voltage.

The block 101 therefore sends the setpoint signal SC
corresponding to this new desired regulated power supply
voltage to the control block 111 which generates the setpoint
word MNC 1n such a manner that the offset signal VDAC
satisfies the equation (7) hereinbefore.

The digital-analog converter 110 carries out this conver-
sion during a certain period of time.

The signal VDAC 1s delivered to the adder 112 which
delivers at 1ts output the negative feedback voltage
VDD_CPU_FB which satisfies the equation (6) hereinbe-
fore.

The regulation means 2 then regulate the voltage at the
output S20 1n such a manner that the regulated voltage
VDD_CPU reaches the new desired regulated power supply
voltage VDD_CPU_SENSE.

Here again, the new desired regulated voltage thus
obtained VDD CPU SENSE then becomes the eflective
supply voltage present on the power grid 100 of the module
10.

In an analogous manner to what has been explained with
reference to the embodiment in FIG. 1, the transition
between the sending of the setpoint signal SC and the
obtaining of the new desired regulated power supply voltage
1s here again very fast, typically of the order of a few
microseconds.

Here again, 11 1t 1s not desired to impose particular design
constraints and to allow the establishment of the various
power supply voltages of the device 1in any given order,
during the power-up phase, operating the regulation means
2 1n open loop mode should be avoided.

In this embodiment, this protection is obtained by closing,
the switch 1124 1n the power-up phase so as to shunt the
adder 112 and to deliver the voltage VDD_CPU_SENSE

directly to the setpoint output S1.
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By analogy to what has been written with reference to the
preceding embodiment, during the power up until the volt-
age adaptation circuit 11 1s operational, the regulated power
supply voltage delivered to the output S20 1s given by the
formula (9) hereinbelow:

VDD_CPU_pu=(R1+R2)Vref/R1 (9)

The sequence of operations of the power-up phase 1s
analogous to that described with reference to FIG. 4, the
regulation being applied according to the temporary loop
BCLS in FIG. 8.

More precisely, the voltage VDD_CPU_pu satisfies the
equation (9) heremnabove. When all the regulators of the
device are operational and the reset pin of the system-on-
a-chip 1s disabled, the boot sequence for the system-on-a-
chip can commence and reset the voltage adaptation circuit
11 by sending the setpoint signal SC corresponding to a
desired regulated power supply voltage.

The control block 111 then opens the switch 1124 which
renders the adder 112 operational.

The closed-loop regulation sequence 1llustrated 1n FIG. 7
can then be applied as described hereinbefore.

Reference 1s now made more particularly to FIGS. 9 to 11
in order to illustrate a third embodiment of the device.

As illustrated 1n FIG. 9, this third embodiment differs
from the second embodiment of FIG. 5 by the fact that the
voltage adaptation circuit 11 furthermore comprises auto-
power supply means for this circuit.

Furthermore the others modules 12 of the system-on-a-
chip are powered by the voltage VDD_SOC delivered by the
regulator 3.

The auto-power supply means here comprise a voltage
step-up switch-mode converter 114 powered by the power
supply voltage VDD_CPU present on the mput E1.

This converter then increases the voltage in order to
deliver the analog voltage VDDA.

Furthermore, the voltage adaptation circuit comprises a
clock signal generator 115 which 1s active during the power-
up phase of the device and which supplies a clock signal to
the control block 111 at least until the clock signal of the
system-on-a-chip 1s available.

Here again, during the power-up phase, the adder 112 1s
“shunted” by the switch 1124 (FIG. 6).

The regulation 1s carried out according to the temporary
loop BCLS 1n FIG. 10. The initialization sequence 1s analo-
gous to that described with reference to the preceding
embodiment with the following differences.

As soon as the voltage VDD _CPU appears, the converter
114 starts up and the voltage VDDA 1s established which
allows the adder 112, the digital-analog converter 110, the
control block 111 and the generator 1135 to be powered.

The clock generator 115 starts up and 1s allowed to
stabilize. The signal known by those skilled 1n the art under
the acronym POR (Power On Reset) 1s disabled.

The state machine of the control block 111 then resets the
digital-analog converter 110 and fixes its output voltage at a
predefined value, for example 50% of the voltage excursion.

Furthermore, the control block 111 opens the switch 1124.

From now on, the voltage regulation can operate accord-
ing to the loop BCL 1n FIG. 11 1n a manner analogous to
what has been described hereinbetore.

The mvention 1s not limited to the embodiments and their
implementation which have just been described but encom-
passes all their variants.

Thus, various types of voltages regulators are possible.
Similarly, various implementations (differential, common
mode, etc.) are possible for the voltage adaptation circuit 11.
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The mnvention claimed 1s:

1. A method for powering a module incorporated within
a system-on-a-chip, comprising:

in a steady-state power supply phase:

supplying to the module a regulated power supply
voltage obtained from a feedback control loop
receiving a main power supply voltage and a nega-
tive feedback voltage, and

generating the negative feedback voltage inside the
system-on-a-chip starting from an eflective supply
voltage of the module and from a setpoint signal
corresponding to a desired regulated power supply
voltage, and

in a power-up supply phase:

generating the negative feedback voltage by blocking
influence of the setpoint signal on the negative
teedback voltage while simultaneously avoiding an
open loop mode of operation for supplying the power
supply voltage.

2. The method according to claim 1, wherein generating,
the negative feedback voltage comprises:

converting a setpoint digital word taken from the setpoint

signal into a voltage ofiset analog signal; and
summing of the voltage offset analog signal and the
cllective supply voltage.

3. The method according to claim 1, wherein generating
the negative feedback voltage comprises:

converting a setpoint digital word taken from the setpoint

signal 1into a voltage oflset analog signal; and
subtracting the voltage oflset analog signal from the
ellective supply voltage.

4. The method according to claim 1,

wherein blocking influence comprises: placing into high

impedance a setpoint output of the system-on-a-chip
configured to deliver the negative feedback voltage,
and

wherein avoiding the open loop mode comprises: estab-

lishing a temporary feedback control loop using a
resistor connected between a power supply mput of the
system-on-a-chip receiving the regulated power supply
voltage and the setpoint output.

5. The method according to claim 4, further comprising
placing the setpoint output 1into low impedance during the
transition between the power-up phase and the steady-state
power supply phase so as to re-establish the feedback
control loop going via the system-on-a-chip.

6. The method according to claim 1, wheremn blocking
influence and avoiding the open loop mode comprises:
directly delivering the efiective supply voltage to a setpoint
output of the system-on-a-chip configured to deliver the
negative feedback voltage.

7. An electronic device, comprising:

a system-on-a-chip, comprising:

a power supply mput configured to recerve a regulated
power supply voltage,

a circuit module configured to be powered by the
regulated power supply voltage,

a controller configured to generate a setpoint signal
corresponding to a desired regulated power supply
voltage for the circuit module,

a voltage adaptation circuit configured to generate a
negative feedback voltage starting from an effective
supply voltage of the module and from the setpoint
signal, and




US 9,811,100 B2

11

a setpoint output configured to deliver the negative
feedback voltage, a voltage regulator, comprising:
a regulation output coupled to the power supply
input,
a negative feedback iput coupled to the setpoint
output,
wherein the voltage regulator 1s configured to deliver
the regulated power supply voltage to the regula-
tion output starting from a main power supply
voltage and from the negative feedback voltage;
and
a protection circuit operating during a power-up phase
to block influence of the setpoint signal on the
negative Ifeedback voltage while simultaneously
avoiding an open loop mode of operation for the
voltage regulator to supply the power supply voltage.

8. The device according to claim 7, wherein the voltage
regulator 1s a switch-mode regulator comprising:

a switching circuit connected between a main 1put for
receiving the main power supply voltage and the regu-
lation output, and

a comparator generating a control signal for controlling
the switching circuit using a comparator having a first
comparator mput designed to be connected to a refer-
ence voltage and a second comparator mput coupled to
the negative feedback mput via a divider circuat.

9. The device according to claim 7, wherein the voltage

adaptation circuit comprises:

a digital-analog converter configured to deliver, in the
presence ol a setpoint digital word taken from the
setpoint signal, a voltage offset analog signal; and

an adder configured to add the voltage offset analog signal
and the effective supply voltage to generate the nega-
tive feedback voltage.

10. The device according to claim 9, wherein the protec-
tion circuit comprises a controllable switch configured for
shunting the adder in such a manner as to deliver the
ellective supply voltage to the setpoint output as long as the
voltage adaptation circuit 1s not powered.

11. The device according to claim 7, wherein the voltage
adaptation circuit comprises:

a digital-analog converter configured to deliver, in the
presence of a setpoint digital word taken from the
setpoint signal, a voltage oflset analog signal; and

a subtractor configured to subtract the voltage oflset
analog signal from the eflective supply voltage to
generate the negative feedback voltage.

12. The device according to claim 11, wherein the pro-

tection circuit comprises:

a resistor connected between the power supply input and
the setpoint output; and

a controllable switch connected between the output of the
subtractor and the setpoint output,

wherein the controllable switch 1s controlled to be 1n an
open state as long as the voltage adaptation circuit 1s
not powered, and

wherein the controllable switch 1s controlled to be 1n a
closed state when the voltage adaptation circuit 1s
powered.

13. The device according to claim 7, further comprising

an auto-power supply for the voltage adaptation circuit.

14. A device, comprising:

a voltage regulator circuit having a regulated voltage
output and an 1put configured to receirve a feedback
control voltage, the voltage regulator circuit generating
a regulated voltage at the regulated voltage output 1n
response to the feedback control voltage;
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an application circuit powered by the regulated voltage,
said application circuit including:

a processor executing an application configured to
output a setpoint signal indicative of a desired supply
voltage for the processor;

a sense circuit configured to sense an actual supply
voltage for the processor;

a conversion circuit configured to generate said feed-
back control voltage 1n response to the sensed actual
supply voltage and the setpoint signal; and

a protection circuit operating during a power-up phase to
block influence of the setpoint signal on the negative
feedback voltage while simultaneously avoiding an
open loop mode of operation for the voltage regulator
circuit to generate the regulated voltage.

15. The device of claim 14, wherein said conversion

circuit comprises:

an analog to digital converter configured to convert the
setpoint signal to an offset voltage; and

a subtraction circuit configured to subtract the oflset
voltage from the sensed actual supply voltage to gen-
crate said feedback control voltage.

16. The device of claim 14, wherein said conversion

circuit comprises:

an analog to digital converter configured to convert the
setpoint signal to an oflset voltage; and

an addition circuit configured to add the offset voltage to
the sensed actual supply voltage to generate said feed-
back control voltage.

17. The device of claim 14, wherein the voltage regulator

circuit comprises:

a comparator configured to compare a voltage derived
from the feedback control voltage to a reference volt-
age;

control logic configured to generate a switch control
signal from an output of the comparator; and

a switch coupled between a supply source and the regu-
lated voltage output, said switch selectively actuated 1n
response to said switch control signal.

18. The device of claim 14, further comprising a resistor
coupled between the regulated voltage output and the 1nput
configured to receive the feedback control voltage.

19. A method for powering a module incorporated within
a system-on-a-chip, comprising, 1mn a steady-state power
supply phase:

supplying to the module a regulated power supply voltage
obtained from a feedback control loop receiving a main
power supply voltage and a negative feedback voltage,
and

generating the negative feedback voltage inside the sys-
tem-on-a-chip starting from an eflective supply voltage
of the module and from a setpoint signal corresponding,
to a desired regulated power supply voltage,

wherein generating the negative feedback voltage com-
prises:
converting a setpoint digital word taken from the

setpoint signal 1nto a voltage oflset analog signal;

and
subtracting the voltage oflset analog signal from the

ellective supply voltage.
20. The method according to claim 19, further compris-

ing, 1n a power-up phase of the system-on-a-chip, avoiding

65 making the regulation operate 1n open loop mode.

21. The method according to claim 20, wherein avoiding,
COmprises:
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placing into high impedance a setpoint output of the
system-on-a-chip configured to deliver the negative
feedback voltage in steady-state mode, and
establishing a temporary feedback control loop using a
resistor connected between a power supply 1nput of the
system-on-a-chip receiving the regulated power supply
voltage and the setpoint output.
22. The method according to claim 21, further comprising
placing the setpoint output 1into low impedance during the
transition between the power-up phase and the steady-state
power supply phase so as to re-establish the feedback
control loop going via the system-on-a-chip.
23. The method according to claim 20, further compris-
ing, 1n the power-up phase, directly delivering the effective
supply voltage to a setpoint output of the system-on-a-chip
configured to deliver the negative feedback voltage in
steady-state mode.
24. An electronic device, comprising:
a system-on-a-chip, comprising:
a power supply input configured to receive a regulated
power supply voltage,
a circuit module configured to be powered by the
regulated power supply voltage,
a controller configured to generate a setpoint signal
corresponding to a desired regulated power supply
voltage for the circuit module,
a voltage adaptation circuit configured to generate a
negative feedback voltage starting from an eflective
supply voltage of the module and from the setpoint
signal, and
a setpoint output configured to deliver the negative
feedback voltage, a voltage regulator, comprising:
a regulation output coupled to the power supply
input, and

a negative feedback iput coupled to the setpoint
output,

wherein the voltage regulator 1s configured to deliver
the regulated power supply voltage to the regula-
tion output starting from a main power supply
voltage and from the negative feedback voltage;
and

wherein the voltage adaptation circuit comprises:

a digital-analog converter configured to deliver, in the
presence ol a setpoint digital word taken from the
setpoint signal, a voltage oflset analog signal; and

a subtractor configured to subtract the voltage offset
analog signal from the eflective supply voltage to
generate the negative feedback voltage.

25. The device according to claim 24, wherein the voltage
regulator 1s a switch-mode regulator comprising:

a switching circuit connected between a main 1put for
receiving the main power supply voltage and the regu-
lation output, and

a comparator generating a control signal for controlling
the switching circuit using a comparator having a first
comparator mput designed to be connected to a refer-
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ence voltage and a second comparator input coupled to

the negative feedback mput via a divider circuait.

26. The device according to claim 24, further comprising

a protection circuit configured to avoid, when the system-
on-a-chip 1s powered up, an operation of the voltage regu-
lator 1n an open loop mode.

277. The device according to claim 26, wherein the pro-

tection circuit comprises:

a resistor connected between the power supply 1mput and
the setpoint output; and

a controllable switch connected between the output of the
subtractor and the setpoint output,

wherein the controllable switch 1s controlled to be 1n an
open state as long as the voltage adaptation circuit 1s
not powered, and

wherein the controllable switch 1s controlled to be 1n a
closed state when the voltage adaptation circuit 1is
powered.

28. The device according to claim 24, further comprising,

an auto-power supply for the voltage adaptation circuit.

29. A device, comprising:

a voltage regulator circuit having a regulated voltage
output and an mput configured to receive a feedback
control voltage, the voltage regulator circuit generating
a regulated voltage at the regulated voltage output 1n
response to the feedback control voltage;

an application circuit powered by the regulated voltage,
said application circuit including:

a processor executing an application configured to
output a setpoint signal indicative of a desired supply
voltage for the processor;

a sense circuit configured to sense an actual supply
voltage for the processor; and

a conversion circuit configured to generate said feed-
back control voltage 1n response to the sensed actual
supply voltage and the setpoint signal;

wherein said conversion circuit comprises:
an analog to digital converter configured to convert the

setpoint signal to an oflset voltage; and

a subtraction circuit configured to subtract the offset
voltage from the sensed actual supply voltage to
generate said feedback control voltage.

30. The device of claim 29, wherein the voltage regulator

circuit comprises:

a comparator configured to compare a voltage derived
from the feedback control voltage to a reference volt-
age;

control logic configured to generate a switch control
signal from an output of the comparator; and

a switch coupled between a supply source and the regu-
lated voltage output, said switch selectively actuated 1n
response to said switch control signal.
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